Abstract
Introduction
The early warning score system is predicated on the idea that derangements in simple physiological observations can identify hospital inpatients at high risk of deterioration. 1 Prodromal warning signs such as increased respiratory rate or decreased blood pressure precede critical illness, 2 and early recognition of these events presents an opportunity for decreasing mortality. 3 The early warning score system allows the user to record and respond to multiple parameters simultaneously, so that subtle changes in vital signs can be used to initiate early emergency management of the patient to reverse the abnormal physiological decline or prompt admission to a critical care area. 2 Early warning scores have been widely adopted internationally, and different versions exist. A number of reviews have examined the impact of early warning scores on patient outcomes; however, there exists no formal literature review regarding the overall strengths and limitations of early warning scores for patients, staff and systems. This review aims to address this knowledge gap and provide an overview of current systems, highlighting the benefits and identifying areas for future improvement.
Methods

Study design
A systematic review methodology was adopted for the study, employing the principles and methods provided by the Centre for Reviews and Dissemination guidelines and following the PRISMA statement. A narrative synthesis approach was chosen to synthesise the diverse range of selected studies in a structured manner, following the European Social Research Council Guidance on the Conduct of Narrative Synthesis in Systematic Reviews. 4 Search strategy A systematic review of the scientific literature was performed by CD. MEDLINE®, PubMed, CINAHL and The Cochrane Library databases were searched for articles published from the dates of inception of the databases (the earliest being 1947) to September 2016. For on-going trials, Current Controlled Trials and ClinicalTrials.gov were searched.
In order to extract all available data regarding early warning score systems, the search strategy was kept necessarily broad. The search strategy was devised with the help of a Research Support Advisor at the Leeds University Library, using both MeSH and/or keyword search terms according to the database.
The search strategy for PubMed is detailed below and further details are provided in Supplementary Material.
1. "Warning scor*" [tiab] including ("warning score" OR "warning score calculation" OR "warning score levels" OR "warning score system" OR "warning score systems" OR "warning score value" OR "warning scores" OR "warning scoring" OR "warning scoring system" OR "warning scoring systems") 2. In addition, citations and reference lists of selected studies were reviewed to identify any missed papers.
Identifying relevant papers
Publications were selected in two phases: first by review of title and abstract and then by full text review by CD. The articles were then independently verified by WT.
Studies were included if they evaluated vital signs monitoring in adult human subjects. Study selection was not limited by the score used or the outcomes measured. Selection was not limited to peer-reviewed publications and included grey literature such as editorials and opinion pieces in order to provide insight into stakeholders' perspectives of early warning scores. Qualitative, quantitative and mixed-methods studies were included. The search was not limited by year of publication but papers had to be written in English due to lack of translation resources.
Studies regarding the paediatric population were excluded, as were studies describing the development or validation of monitoring models.
Data extraction and analysis
A narrative synthesis approach was chosen to synthesise the diverse range of studies in a structured manner, following the European Social Research Council Guidance on the Conduct of Narrative Synthesis in Systematic Reviews. 4 Briefly, studies were tabulated and grouped by outcome measure, setting and population. Patterns were identified and translated to themes, which were further refined using an iterative process. The evidence was synthesised to provide a meaningful narrative, relevant to the research question.
Full details of selection, data extraction and analysis has been provided as Supplementary Material.
Findings
The search identified 825 papers (285 Medline, 359 PubMed, 176 CINAHL and 5 Cochrane). Duplicates were eliminated. 232 papers met the inclusion criteria. A flow diagram of the search process is shown in Figure 1 .
There was 100% inter-rater agreement between CD and WT.
Themes
Themes identified included: prediction value; influence on clinical outcomes; interaction with other variables; cross-specialty application; international relevance; impact on communication; opportunity for automation; sensitivity; need for practitioner engagement, reaction to escalation and clinical judgment; and intermittent nature of recording. Tables 1 and 2 provide a summary of the most relevant articles within each theme, grouped into 'Strengths' and 'Limitations'. A full list of selected articles is provided in Supplementary Materials. Summary of early warning score systems Popular scores used internationally include the Modified Early Warning Score (MEWS) and VitalPAC Early Warning Score (VIEWS), which have both been validated as good predictors of mortality during hospitalization. 3 However, individual hospitals have introduced their own local early warning scores, such as the Chelsea Early Warning Score (CEWS), introduced by the Chelsea and Westminster Hospital, UK. 5 This gave rise to variation in the reproducibility of different track-and-trigger warning systems, leading to calls for the adoption of a national system.
In 2012, The Royal College of Physicians developed the National Early Warning Score (NEWS) as a standardised approach to assessment and response to critical illness. 6 The NEWS was shown to be independently valid, 7 and surveys showed that staff found the NEWS was easy to use, did not increase workload and enhanced their ability to identify deteriorating patients. 8 NEWS has been widely adopted throughout the UK National Health Service. Patients w ith a MEWS >6 had 21 times the odds of death compared w ith those w ith a score of <1. An estimated glomerular filtration rate (eGFR) <30 ml/min/m 2 w as associated w ith a 5-fold increase in the odds of death w ithin 1 w eek2, compared w ith eGFR > 60 ml/min/m 2 . C-reactive protein (CRP) >100 mg/l w as also associated with a 2.5 times higher odds of death. 12 , as well as 30-day mortality and length of stay on ICU. 13 In nursing home residents admitted to hospital, MEWS was found to be an important predictor of 7-day mortality.
Strengths of early warning scores
Cross specialty application
14 Patients with a MEWS of 4-5 on admission had 12 times the odds of death, and those with a score of >6 had 21 times the odds of death, compared with those with a score of <1.
In the Emergency Department (ED), an early warning score can be used as a triage instrument. One prospective study examined the MEWS of 309 patients presenting to a Turkish ED and found that patients with a MEWS of 5 or more were 1.95 times more likely to be admitted to ICU than those with a MEWS < 5, and 35 times more likely to die in the ED and 14 times more likely to die in hospital. 15 A group in Amsterdam retrospectively analysed the MEWS of 204 medical and surgical patients who had experienced a 'severe adverse event,' including cardiopulmonary arrest, unplanned ICU admission, emergency surgery or unexpected death. Eighty one percent of patients had an MEWS value of 3 or more at least once during the 48 hours before their event. 16 Similarly, in an exclusively surgical population, MEWS has been found to predict the risk of death after cardiopulmonary arrest. 17 An Italian prospective single-centre cohort study concluded that MEWS, even when calculated once on admission, is a 'simple but highly useful tool to predict in-hospital outcome,' in terms of mortality, critical care admission and length of hospital stay. 18 Similar results have been published from Denmark. 19 The prediction value of early warning scores is important. They have been found to prevent ICU admissions by aiding decision making for anaesthetists, 20 and can be used to help capacity planning by predicting the number of days a patient will spend in hospital. 21 However, they cannot be used in isolation nor can they replace clinical judgment. 22 
Influence on clinical outcomes
The introduction of early warning scores has been found to improve patient outcomes. However, the introduction of early warning scores is often accompanied by that of a critical care outreach team, making the individual impact of the early warning score difficult to assess.
A 2010 study reported that the introduction of an early warning score and a critical care outreach team improved survival to ICU discharge in haematology patients. 23 The introduction of an outreach service and MEWS at a tertiary referral centre was associated with significant reductions in the incidence of cardiac arrest calls, the proportion of patients admitted to ICU having undergone in-hospital CPR and their inhospital mortality. 24 A large Danish prospective, non-randomized, controlled study investigated unexpected in-hospital death before and after implementation of a clinical intervention comprising systematic monitoring practice, early warning scoring, an observation chart and an algorithm for bedside management. 25 The adjusted unexpected patient mortality rate was significantly lower after the intervention (17 versus 61 per 100 adjusted patient years). In a New Zealand tertiary hospital, the introduction of an early warning score system in addition to an existing cardiac arrest team decreased the incidence of in-hospital cardiac arrests from an average of 8.5 per month to 5.5 per month. 26 Cross specialty application Most of the studies evaluating early warning scores involve inpatients, and come from a wide range of specialties. These include stroke, 27 The use of early warning scores in the ED has been described above.
Early warning scores have also been implemented in the community. Ammitzboll and Maarslet describe how an early warning score can be used to identify elderly patients in need of medical assistance. At a score </= 2, 24% were visited by a doctor or admitted directly. At a score >/= 5, this number increased to 45%. At a score </= 5, 11% were admitted to hospital and at a score >/= 5, 31% were admitted to hospital. 43 Studies have described the use of early warning scores in private care homes. 44 the army 45 and dentists. 46 The system has also proved valuable in the prehospital setting. 47, 48 Challen and Walter describe how early warning scores can help to safely divert patients from the ED to alternative care providers. 49 However, another study amongst the ambulance service showed no effect of MEWS implementation on transportation or revisit rates. 50 Comprehensive implementation of the same early warning score allows a universal language to be spoken across specialties. However, it is important to recognize the limitations of early warning scores in certain patient groups. Vital signs have been shown to be more accurate in detecting cardiac arrest in nonelderly patients compared with elderly patients. 51 Generic early warning scores cannot be used in the maternity or paediatric populations; 52, 53 instead, specialized charts need to be used for these groups. 54 International relevance A number of studies have shown that early warning scores can be used in countries with limited healthcare resources, such as Uganda, 55, 56 , Tanzania 57, 58 and South Africa. 59, 60, 61 However, disease and population differences may strongly influence the performance of early warning scores. A Malawi study showed that MEWS had only a 58.8% sensitivity and 56.2% specificity for mortality within three days. The authors advised local validation and impact assessment before the adoption of early warning scores adoption in resource-limited settings. 62 
Interaction with other variables
There is good correlation between early warning scores and other risk indicators. A study of an early warning score in the ED 63 found that adding specialty-specific parameters (such as mode of transport to hospital) to the score provided more accurate prediction of their risk. Alrawi has described how CRP and eGFR levels on admission can be used in conjunction with MEWS to allow decision making on the appropriate level of care at the point of hospital admission.
14 A Sri Lankan study showed that adding biochemical parameters to the early warning score improved the sensitivity of predicted length of hospital stay and adverse outcomes. 64 Impact on communication A qualitative study in 2005 interviewed 30 nurses, 7 doctors and 7 health care support workers with regard to the detection of physiological deterioration. 65 Participants reported that quantifiable evidence is the most effective means of referring patients to doctors, and that early warning scores achieve this by packaging individual vital signs together, providing a 'precise, concise and unambiguous means of communicating deterioration, and confidence in using medical language.' This sentiment is echoed in other publications. Early warning scores help to facilitate nurses' communication with doctors 66 by providing 'ammunition' when referring patients. 67 A questionnaire study of surgical ward staff found that NEWS 'empowers nurses to more easily seek senior medical assistance' and 'avoids conflict.' 68 
Opportunity for automation
The detection of deteriorating patients is often later than it should be. One solution could be the electronic charting of early warning scores to improve the accuracy, reliability and availability of patients' vital signs. There is a drive within healthcare systems to improve the efficiency of information management in hospitals, through integration and intelligent use of new technology. 69 A number of software packages have become available to address this need. NHS Education for Scotland has made the NEWS available as a smartphone app. 70 Another such package, VitalPAC, was shown by Prytherch et al. to offer significant advantages both in speed and accuracy of recording early warning scores. 71 These findings were echoed in a later study which found that a hand-held computer is acceptable to nurses and helps to improve the accuracy and efficiency of early warning scores in acute hospital care. 72 Schmidt et al. associated the use of such technology with reduced patient mortality. 73 A before-and-after controlled trial of 18 305 patients investigated the effects of automated vital signs monitors 74 and found their introduction to be associated with increased survival to discharge from 86% to 92% in patients receiving rapid response team calls. The same study noted that there was also a decrease in the time required for vital signs measurement and recording, from 4.1 minutes to 2.5 minutes.
However, the accuracy of electronic early warning score systems is still userdependent. One study of electronic observations found that levels of completeness of observations differed between wards from 69% to 92%, with traditional gaps in observations, such as recording of respiratory rate, still apparent. 75 Several technologies could provide the basis of a solution. Bonnici et al. suggest the use of unobtrusive wearable monitors that track the patient's physiology continuously. 76 A number of studies have investigated the use of automated clinical alerts in an attempt to deliver timely clinical responses to acutely deteriorating patients. An historically-controlled study from 2011 found that automatic alerts significantly improved clinical attendance to unstable general medical patients. 77 However, the potential of these technologies depends strongly on implementation, with poor-quality deployment likely to worsen patient care.
76
Limitations of early warning scores
Sensitivity, especially compared to specialty-specific scores
In 2003, Boyle reported that early warning scoring systems were largely unproven and could prove to be over-sensitive and unspecific. 78 However, the evidence base has grown and a recent study from Hong Kong found that MEWS has a 100% sensitivity and a 98.3% specificity in detecting patient deterioration. 79 Nevertheless, early warning scores are generic tools which should be used to complement, but not necessarily replace, existing prediction tools. 80 A retrospective analysis of 419 patients with community-acquired pneumonia (CAP) tested the performance of CURB65 (a mortality predictor in CAP) against generic early warning scores. The study reported that CURB65 has a better sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) compared to the early warning score, and advised that it should not be supplanted for the initial prognostic assessment in CAP.
Similarly, in the prehospital patient, the PRESEP score surpassed MEWS for sensitivity, specificity, PPV and NPV. 81 The same findings have been reported for the REMS (Rapid Emergency Medicine Score), 82 MEDS (modified mortality in emergency department sepsis) 83 and THERM (The Resuscitation Management Score) 84 scores in the ED, the PREEMPT-2 (PRE-critical Emergency Medical Patient Triage) and PREAMBLE-2 (PRE-Admission Medical Blue-Light Emergency) scores in acute medical admissions 85 and CREWS (Chronic Respiratory Early Warning Score) for respiratory disease. 86 Care must be taken when using early warning scores in certain subspecialties. Teasdale notes the limitations of most early warning scores in patients with brain injury. 87 Similarly, patients prone to hypercapnia are at risk of inaccurate oxygen monitoring when using early warning scores. 88 Scores are also difficult to use in endof-life care. 52, 53, 89 Need for practitioner engagement
The introduction of early warning scores has been shown to help improve the monitoring of vital signs, especially respiratory rate 90, 91, 92 . However, these systems are highly user-dependent. A retrospective study of surgical patients before and after the implementation of a rapid response system found that early warning score recordings were 'frequently incomplete.' 41 Indeed, a number of studies into the implementation of early warning scores have highlighted poor compliance as an issue. 93,94, 95, 68, 96-100 101 User error can occur in recording vital signs, calculating the score and escalating appropriately.
In the Amsterdam study, the authors retrospectively analysed the MEWS of patients who had experienced a severe adverse event, and found that, even when the MEWS was 3 or more, respiratory rate, diuresis, and oxygen saturation were documented in only 30% to 66% of assessments. 16 This is concerning, as missed alerts are particularly common in incomplete observation sets. 102 Even when observations are complete, the aggregate scores can be miscalculated. 103, 104 This is important, as Austen et al. 5 found that calculation errors were eleven times more likely to result in under-scoring than over-scoring, resulting in the potential failure to recognise deteriorating patients. In addition, Clifton et al. found that incorrect scores are highly predictive of the next observation set, suggesting that clinical staff detect patient status in advance of the EWS system 'by using information not currently encoded within it.' 102 Crucial to the success of early warning systems is the escalation of abnormal scores. A Danish study found that only 38% of patients with abnormal MEWS were correctly escalated by nursing staff, 105 a finding echoed throughout the literature. 106 Poor compliance with the escalation protocol is commonly found when serious adverse events occur. 107 In particular, there have been concerns raised about compliance with early warning scores overnight 108, 109 and at weekends 110 when, arguably, these scores could be of most use. As such, a number of competency frameworks and audit systems have been introduced, which show significant benefits in terms of patient safety. 111 Need for reaction after escalation A crucial step for the success of early warning scores is timely response to escalation. Qualitative studies into the attitudes of nursing staff towards early warning scores highlight concerns about difficulty in getting medical staff to review the patient. 103 In a UK NHS Trust, anecdotal evidence from nursing staff indicated that response times by doctors were outside the established timescale, prompting an audit which confirmed their concerns. 112 A study by Beckett et al. showed a significant inter-specialty variation in median response times and seniority of responding staff, particularly within critical care, which recorded the slowest times . 113 
Need for clinical judgment
There is concern that early warning scores add to the de-skilling of practitioners. Editorials stress that scores do not place importance on knowing individual patients, nor the background to the observations being recorded. This may prevent nursing students from 'fully developing professional judgement as an aspect of decision making when faced with a deteriorating patient.' 114 Indeed, a study amongst midwives found that this group experienced early warning scores as a 'threat to autonomy, undermining clinical judgement' 115 and highlighted their concerns about the delegation of vital signs monitoring to support staff, opposing holistic care.
To counteract this, some studies have suggested adding a measure of biological capacity to the early warning score, such as mobility or frailty. 116 However, it might be simpler to acknowledge that early warning scores cannot replace clinical judgement. 22 Neary et al. 68 found that NEWS correlated poorly with the patient's clinical status within the first 24 hours post-operatively, and suggested that 'nursing acumen' should dictate escalation parameters in certain scenarios.
Intermittent nature of recording A significant limitation of early warning score systems is their intermittent nature. In a cohort of patients with prolonged desaturations, manual recordings of SpO2 did not reflect the patient's physiological state when compared with continuous automated sampling. 117 Ideally, every patient would receive ICU-style continuous monitoring, but this is limited by bulky equipment, which would limit the patient's mobility and potentially hinder recovery. Indeed, when ICU-style monitoring was implemented on a general ward, only 16% of patients remained connected in a 72-hour period. 76 A number of wearable wireless devices are in the early stages of evaluation to address this problem.
Discussion
This systematic review and narrative synthesis was conducted to explore the literature regarding the strengths and limitations of early warning score vital signs monitoring systems, for both patients and clinical teams. To our knowledge, this is the first literature review to systematically assess the extent of the evidence around these tools.
Early warning scores have become ubiquitous with the recognition of the deteriorating patient. This review confirms that early warning scores have excellent predictive value and have been found to influence patient outcomes in the inpatient setting. However, it is important to recognize that they are more effective in certain patient groups, and care must be taken in the elderly, pregnant, paediatric, palliative and head-injured populations. Specialist tools should continue to be used in these groups.
Early warning scores are also used in a number of ways outside their original remit. Studies investigating the use of early warning scores as a pre-hospital triage tool show conflicting results. This can also be attributed to the mixed patient population in pre-hospital care. Whilst some papers report that the universal language of early warning scores improves communication between healthcare professionals, this is not always reflected in the reaction to the escalation. Training may improve staff engagement and the response to poor scores.
Limitations in the design of this review are acknowledged. The search criteria were intentionally broad to capture a wide range of studies and optimize the generalizability of the findings. This is a heterogeneous area of investigation and, by including a range of early warning scores, settings and outcome measures, some of the subtleties of individual systems may have been lost. In addition, the use of key word searching can result in the omission of important papers. However, the search strategy was checked for completeness by combining it with more specific term s (such as EWS, MEWS) and this did not produce any additional references. Citations and reference lists were also checked to optimise the search strategy.
The inclusion of a number of study types outside of randomised controlled trials precluded traditional meta-analysis. Selected articles included qualitative, quantitative and mixed-methods studies, alongside grey literature. The value of other study designs in complex interventions is well recognised, but the wide range sources necessitated the adoption of a narrative synthesis approach, which has several limitations. Appraisal of quality is difficult with such variety of study design, and data extraction relies heavily on the reviewers' interpretation of the literature, which may introduce bias. However, a narrative approach allows the synthesis of diverse literature into common themes relevant to the research question.
Two interventions could improve the success of early warning scores to the benefit of patients. Firstly, the introduction of automated early warning score systems can minimize the risk of user error. Using a handheld computer device to document vital signs can highlight erroneous data, improve accuracy of calculations and prompt escalation. Scores can also be accessed remotely, which aids communication between healthcare professionals. A number of UK NHS hospitals have begun to adopt such systems.
In addition, new remote monitoring technologies, aided by wireless data transmission, have the potential to overcome the intermittent nature of current early warning score systems. A number of devices are emerging that promise to convey the advantages of continuous vital signs monitoring to general ward patients. Whilst it seems intuitive that continuous monitoring is safer than intermittent observations, no large controlled trials have yet been conducted and this remains an exciting area for future development.
Conclusion
This review has shown that early warning scores are successful in predicting and improving patient outcomes across a range of settings and populations. The most important advantage of early warning scores is that they are easy to use and interpret, and so provide a common language across healthcare providers and specialties. However, inaccurate recordings or inappropriate reactions to abnormal scores can undermine the benefits of these systems.
Harnessing their strengths and recognizing their limitations can improve early warning scores to the benefit of patients and healthcare professionals alike.
However, it is important to highlight the recurrent theme from the literature: whilst early warning score systems are a useful tool, they can never replace clinical judgment and experience in the management of the unwell patient.
